Background: Adrenocortical cancer (ACC) is a rare disease that is difficult to treat. Laparoscopic adrenalectomy (LA) is performed, even for large adrenocortical carcinomas. However, the oncological effectiveness of LA remains unclear. This review presents the current knowledge of the feasibility and oncological effectiveness of laparoscopic surgery for ACC, with an analysis of data for outcomes and other parameters.
INTRODUCTION
Adrenocortical carcinoma (ACC) is a rare malignancy that frequently presents as a large retroperitoneal tumor. It often occurs in young patients who present at advanced stages of the disease. 1, 2 The tumor is usually associated with poor prognosis because of its high rate of recurrence, even after complete resection. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] The 5-year survival rate ranges from 15 to 60%, which correlates with the stage of disease and continues to be disappointing. [3] [4] [5] [6] [7] [8] The incidence of ACC is estimated to be 2 per million, and it is responsible for 0.2% of all cancer deaths. 16, 17 Unfortunately, most of these patients present with large tumors with the likelihood that invasion into adjacent organs will be detected at diagnosis. The primary determinant of survival of patients with ACC depends on complete resection with negative margins. [3] [4] [5] [6] [7] [8] The overall recurrence rate for all disease stages is 17-85%, with R0 resection being associated with a recurrence of 23% versus 51% for R1 and R2. 18 The role of radiation and chemotherapy is limited, and the effect of adjuvant mitotane is unproven. 4 For patients with localized disease at presentation, oncologic outcome and the success of surgical therapy are dependent on the completeness of resection of the primary tumor, the surrounding retroperitoneal tissue, and the regional lymph nodes. 15 In view of the fragility of these tumors, it is prudent for the surgeon to use an approach that provides adequate exposure and access to the surrounding tissue planes and structures. 19 The suitability of the laparoscopic approach for treating ACC remains a topic of debate. 20 Guidelines for minimally invasive treatment for adrenal pathology by the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) do not recommend laparoscopic resection for tumors suspected to be malignant, particularly when they are more than 6 cm in size. 21 This advice is based on concerns that the dissection plane is indistinct, making a laparoscopic en bloc resection oncologically inadequate, and heightens the risk of breach of the tumor capsule and cell dissemination, during excision of a large tumor. Several reports of experiences with laparoscopic adrenalectomy (LA) have shown inconsistent outcomes. 3-15,20 -59 However, some of the recent reports have shown comparable results between the laparoscopic and open approaches in patients after resection of large tumors (Յ10 cm). 6 -8,10,12 Based on these reports, the European Society of Endocrine Surgeons has revisited its guidelines with the suggestion that LA can be considered for stage I and II ACC with tumors Ͻ10 cm in size. 60 Are the limits of the envelope being stretched and new guidelines for resectability being drawn?
LA, which was initially described in 1992, has rapidly become the gold standard of treatment for benign adrenal tumors. 51 It is associated with significantly decreased morbidity, shorter length of hospital stay, more rapid convalescence, and improved cosmesis compared with open resection. 9, 61, 62 The favorable outcomes have led surgeons to expand their criteria for elective adrenal resection. Technological advances in laparoscopic surgery and significant surgical experience gained by surgeons over the years have, to a large extent, made this feasible. Hence, the indication for LA has been successfully expanded from benign lesions to large nonfunctioning malignant lesions. Nevertheless, the role of LA remains controversial for the treatment of ACC, a rare but highly aggressive neoplasm. Although there are several studies reporting favorable oncological outcome, 6 -8,11,13 there are others in which the authors have questioned the ability to perform complete tumor resection (R0) by LA, which is detrimental for a long-term cure of ACC. 4,10,14 -16 Early reports warned of tumor fragmentation and port site or peritoneal recurrence of carcinomatosis, which were related to technical problems in the laparoscopic approach. 40, 63 To investigate these concerns, we conducted a systematic review of the available literature. The relevant literature included articles that dealt with LA for ACC and those that compared the outcome between LA and open adrenalectomy (OA).
LITERATURE SEARCH
A systematic review of the literature was performed by searching the PubMed and Medline databases for all relevant articles in English published between 1992 and August 2014. All articles were related to patients older than 16 years and were extracted by using the MeSH (Medical Subject Headings) terms "adrenal gland neoplasm" and "laparoscopy." Duplication of data in multiple publications by the same authors, letters, and review articles were excluded. Primary adrenal tumors other than carcinoma and LA for metastatic tumors were excluded. For comparing observations of the studied parameters for the LA and OA approaches, the median score was taken as the single representative value of the related study, and the LA and OA observations were considered as a paired sample for the variable under study. Application of the Kolmogorov-Smirnov test showed that all samples followed a normal distribution pattern, and consequently, the paired t test was used to test the significance of differences between the LA and OA groups for the studied parameters, which included local recurrence rate, positive resection margin, peritoneal carcinomatosis, and time to recurrence
RESULTS
The search and the selection process led to retrieval of 29 studies, of which 10 articles addressed LA versus OA as the major topic ( Table 1 ) and included 844 patients eligible for this review. Of these, 206 had undergone LA, and the remaining 638 had undergone OA. The mean size of tumors in patients who underwent LA (7.1 cm) was significantly smaller than those in patients who underwent OA (11.2 cm) (P ϭ .0003). The mean overall recurrence rate observed in the LA and OA groups was 61.5 and 57.9% (P ϭ .574), respectively, during a median follow-up of 35.5 months. The site of recurrence between LA and OA included peritoneal carcinomatosis (29.0% vs 9.3%; P ϭ .066) and local recurrence rate (34.5% vs 34.5%), with a positive resection margin rate (21.1% vs 17.0%; P ϭ .542). During the mean follow-up period of 35.5 months, the overall survival of those whose outcomes were expressed in months was 67.5 and 61.0 months for the LA and OA groups, respectively, and for those whose outcomes were expressed as a percentage, survival was 66.8% and 63.5%, respectively. The remaining 19 publications were mainly case series of LA (minor studies), and the overall sample amounted to 151 patients. Most of the articles reported series of LA for adrenal masses, of which ACC formed a small subgroup. These reports are summarized in Table  2 . In this group, the median size of the lesions was 6.4 cm (3.1-9 cm). The overall recurrence rate in patients who underwent LA was 26%, with 11.8% having peritoneal carcinomatosis and 7.8% having local recurrence, with a positive resection margin of 6.2%. The overall survival during a mean follow-up period of 22 months was 41 months and, for those whose data were expressed as a percentage, it was 84.3%. As stated above, the paired t test was used to determine the significance of the difference between the study parameters in the LA and OA groups. Except for the tumor size (LA mean ϭ 7.1, OA mean ϭ 11.2; P ϭ .0003), no significant difference was found between LA and OA observations, for any of the parameters under study. The error bars showing the mean Ϯ SD of the 2 groups for the parameters are shown in Figure 1 .
DISCUSSION
The emphasis of this review was on studies that compare the results between OA and LA. Unfortunately, studies addressing the comparison of outcomes between LA and OA were limited to 10. In addition, some of these studies were deficient in outlining the follow-up, surveillance, and statistical analysis. Moreover, most of them were retrospective, with the potential risk of having a heterogenous sample of patients, thus raising the question of selection bias.
Outcomes: Disease-Free Survival, Local Recurrence, Peritoneal Metastasis, and Mortality
The data were extracted from 10 studies that compared the oncologic outcome of 2 approaches (LA and OA) after adrenalectomy ( Table 1) . They were broadly grouped into those that were favorable and those that were clearly against the laparoscopic approach. Five of the most recent studies showed comparable outcomes between the 2 groups, 6, 8, 11, 13, 25 whereas the remainder did not. 10,14 -16 In a recent study, Donatini et al 6 reported a comparable outcome between LA and OA for patients with ACC stages I or II and with tumors Ͻ10 cm in size. Although the patients undergoing LA had a shorter length of hospital stay and no difference in morbidity, the approach did not compromise the long-term oncological outcome in these patients. After a similar follow-up (66 Ϯ 52 months for LA and 51 Ϯ 43 months for OA), the disease-specific and disease-free survivals were identical. Studies of the Outcome of LA for ACC Not Included in Table 1 Author finding no statistically significant increase in recurrence and death between the 2 groups, recommended OA in patients with ACC.
Cooper et al 16 noted that, despite the use of the LA approach for smaller tumors, these patients developed peritoneal carcinomatosis more frequently than those who underwent OA. Hence, the authors concluded that the oncological benefits of an open approach far outweigh the short-term benefits of minimally invasive surgery.
Miller et al 10 who reviewed 88 patients with ACC of whom 17 had undergone LA in other institutions, reported that a positive resection margin and tumor capsule breach were more frequent in the LA group (LA 50%, OA 18%; P Ͻ .01), despite the smaller mean tumor size compared with that in patients who underwent OA (7.0 cm vs 12.3 cm). Tumor size influenced the mean time to recurrence, as it was significantly lower in LA group (LA, 9.6 months vs OA 19.2 months; P Ͻ .005). However, the overall recurrence rates were comparable (LA 63% vs OA 65%; P ϭ .22). 10 Similar discouraging results were reported by Leboulleux et al, 14 who noted a significantly higher rate of peritoneal carcinomatosis in patients who underwent LA compared with those who underwent OA (HR, 3.8; [95% CI, 1.2-12.3]; P ϭ .016). Gonzalez et al 15 echoed the same concern of higher risk of local recurrence and peritoneal carcinomatosis in patients undergoing LA. In a large study of 160 patients of whom 6 underwent LA, the local recurrence and peritoneal carcinomatosis was 100% and 83% in the LA group compared with 35% and 8%, respectively, in the OA group.
Unfortunately, the dichotomy of results in oncological outcome in these studies is related to several factors, including the retrospective nature of the studies, and hence the inherent risk of bias is present. The variability in the experience of the surgeons, referral patterns, and volume of cases can significantly influence the outcome, particularly when LA is advocated for lesions Ͼ6 cm. The procedure being performed in nonspecialized centers could increase the risk of nonradical resection and capsule rupture, with imminent risk of local recurrence or peritoneal carcinomatosis. The significant difference between the results could also be caused by the variance in the baseline characteristics of the patients and tumors (smaller size of tumor, younger patients, lower stage tumor, and the use of adjuvant mitotane, which may influence the outcome favorably in some series). Moreover, some consider tumor biology to play a significant role in the outcome, as they note that low-grade tumors are less aggressive and tend to recur later, with metastasis to distant site at longer intervals than high-grade tumors. 10 The following factors influence the feasibility and outcome of LA.
Tumor Size, Local Infiltration, and Recurrence
LA for ACC has been performed for lesions Ͼ6 and Յ10 cm with comparable oncological outcome. 6, 8, 11, 13, 25 However, with progressive increase in size, the risk of capsule rupture increases, mainly during handling and dissection of a large tumor. 10, 40, 63 Although some have reported comparable results with larger lesions with regard to tumor recurrence and positive margin, 6, 8, 11, 13, 25 others have found that this risk increases proportionally with the size of the lesion. 10, 14, 15 In one of the reports, the recurrence rate (local or peritoneal) was 38% and 20%, with a positive margin of 50% and 20% for patients undergoing resection of lesion Ͻ6 cm by LA or OA, respectively. However, when LA and OA were performed for lesions Ͼ10 cm the recurrence rate was 50 and 42%, with a positive margin of 50 and 7%, respectively. 10 Preoperative imaging by magnetic resonance imaging (MRI), computed tomography (CT), and even positron emission tomography (PET) have dramatically improved the preoperative visualization and diagnosis of ACC and hence have aided in the decision of whether a laparoscopic approach is feasible or appropriate. 65, 66 This decision is of particular importance, as two-thirds of the lesions Ͼ6 cm are benign, and these patients should not be deprived of the advantage of laparoscopic resection because of inadequate diagnosis. In ACC lesions, the feature that must be clearly defined is a distinct fat plane between the adrenal gland, kidney, and inferior vena cava, depicting an absence of invasion of surrounding structures. 19, 65 In the presence of infiltration of adjoining structures, seen in about one-third of cases, 19 and in the presence of intravenous thrombus, LA is contraindicated. 9, 16 Although there are reports of radical resection being performed laparoscopically on the left side for locally invasive ACC, with concomitant resection of adjoining structures including spleen, tail of the pancreas, and diaphragm, 19, 67, 68 these are exceptions rather than recommendations to be used in routine practice. 1, 9 Such resection would invariably require an open approach. 15, 68 The increased risk of peritoneal carcinomatosis after LA compared to OA is a concern raised by some. 10,14 -16 However the present literature is inconclusive. 6, 8, 10, 13, 14, 16, 25 Some find LA for ACC inappropriate, 10,14 -16 but other recent reports take a contrary view. 6, 8, 11, 13, 25 The possibility of tumor cells being close to the capsule and the diminished tactile sensation in the laparoscopic compared to the open approach may increase the risk of shedding tumor cells on laparoscopic instruments without the surgeon's being aware of it. 10 In this regard, the nature of recurrence (localized or generalized) is important. Some are of the opinion that LA increases the risk of a multifocal pattern of peritoneal recurrence, making these patients less likely to be candidates for salvage surgery. 15, 16 Patients who are amenable to complete surgical resection have been shown to have a significantly higher survival rate than those whose recurrence cannot be resected. 69 As the only definitive treatment of ACC is complete margin-free (R0) surgical resection and avoiding violation of capsule integrity, all surgeons should endeavor to achieve this goal. LA performed in specialized centers may ensure this to a large extent. A high risk of recurrence is related to an initial tumor size of Ͼ8 cm, microscopic invasion of blood vessels and tumor capsule or a Ki-67 index of Ͼ10%. 10, 19, 35, 68 A Weiss score Ն3 is used as a pathologic criterion for the diagnosis of ACC. 69, 70 The greater the Weiss score, the higher the risk of recurrence. 71 Some of these patients present with heterogeneous behavior of the tumor and remain healthy, even after 10 years, 70 perhaps because the Weiss system has a gray zone for a tumor grade of 3, which may contain both adrenocortical adenoma and carcinoma. 6, 72 Some with adenoma may have better longterm outcomes than those with carcinoma; the latter are more likely to recur. 69, 70 Other Approaches
Robot-assisted LA for ACC has been reported. 73, 74 Although, once mastered, robotic surgery can be performed with comfort and ease, no distinct advantage has been attributed to this approach, particularly when considering the cost and learning curve of performing LA for a rare malignancy. 73, 74 Reports of retroperitoneoscopic adrenalectomy for ACC are limited. 7, 50, 75 The procedure has been performed in occasional cases (5.7%) by some, 7 whereas others have performed adrenalectomy by transabdominal and retroperitoneal approaches in equal numbers (50% of 34 cases). 50 The potential advantages reported are avoiding breach of the peritoneum (and hence the entry of the intraperitoneal cavity), limiting the risk of recurrence locally (retroperitoneally) if it were to occur, and a limited hospital stay. 50, 75 In a recent report, miniretroperitoneoscopic adrenalectomy was performed with 3-mm instruments for lesions Ͻ6 cm with excellent outcome; however, conversion to conventional laparoscopy was necessary in 8% of the cases. 76
Lymphadenectomy
The role of lymph node dissection (LND) in patients with ACC and its influence on the outcome is controversial. [77] [78] [79] [80] Periadrenal lymph nodes and those along the renal vessels are routinely excised by some in patients with stage I or II ACC, 77,78 whereas others would limit it to cases that present in stage III with local invasion. 79, 80 The German ACC study group published the results after a median follow-up of 59 and 39 months, respectively, of 283 patients undergoing adrenalectomy with LND (47 cases) and without (236 cases). 81 Multivariate analysis in this group revealed a significant reduction in the risk of recurrence and disease-related deaths and suggested an improvement in oncological outcome in patients who undergo wide local resection of ACC. 81 However, there are others who report no improvement in oncological outcome, despite routine lymph node excision. 82 Reports suggest that lymph node metastasis is not as frequent in patients with ACC as believed; in one of the reports, it was noted in only 10% of the cases (2/20 of LND). 4, 81 Despite the lack of evidence, the general trend is toward a more limited resection in stages I and II and extended resection in stage III. 9
Conversion From Laparoscopic to Open Surgery
Laparoscopic conversion may be necessary in the event of technical difficulty, unanticipated tumor characteristics (such as local invasion), dense adhesions, intraoperative complications such as significant bleeding, and inability to adhere to oncological principles while performing the resection. [7] [8] [9] 58, 83 Some suggest that even patients with large and potentially malignant nonfunctional tumors with no preoperative radiologic evidence of local invasion or metastasis should undergo a trial laparoscopic dissection. 64 Conversion would be necessary in the presence of laparoscopic signs of invasion, regional lymphadenopathy, or aberrant vasculature. 9, 64, 83 Some would beg to differ with this view and would expect the characteristics of the tumor and invasion to be delineated with the present imaging modalities well before surgery. 16 The impact of conversion on the risk of recurrence and peritoneal carcinomatosis is not well established, 3 even though there are such reports for other cancers. 84 In one of the reports where conversion was necessary in onethird of the patients, no difference in outcome was noted between the 2 groups. 7 However, an early conversion, before manipulation of the tumor or breach of the tissue plane or capsule disruption, logically should not affect the outcome negatively.
Experience of the Surgeon and Volume of Cases
The relation of surgical outcome to the surgeon's experience and the volume of cases managed in a center applies to all types of surgery, and LA is no exception. This association has been noted in some of the reports for patients undergoing LA for ACC. 3, 4, [85] [86] [87] However, the number of cases a surgeon should perform per year to qualify, or his overall experience in LA, is arbitrary. The present view of some is that a surgeon should have performed at least 40 LAs 4,87 for benign conditions or the center should treat a minimum of 10 to 20 such patients per year, 3 before performing LA for ACC. This is a demanding surgery technically, particularly for large tumors, and hence should be performed in a specialized referral center. 3, 85, 86 These centers, while providing the required expertise to perform this surgery, are likely to have the benefit of a multidisciplinary service to manage this rare malignancy. 3
Uncertain Preoperative Diagnosis
Diagnostic uncertainty is likely to arise in patients with incidentalomas or small lesions without enough characteristics to suggest malignancy. 56, 78, 87 The sensitivity and specificity of the CT scan in cases of atypical adenoma are 71% and 98%, respectively. 78 Unfortunately, in 30% of cases, CT cannot distinguish benign from malignant lesions. MRI, too, in 10 -30% of cases cannot distinguish the character of adrenal tumors. 78 Although some surgeons have established the diagnosis with fine-needle aspiration cytology in a nonfunctioning adrenal tumor, others have treated them with adrenalectomy in the presence of features of high risk of malignancy (based on the size of the lesion and its radiologic characteristics). 69 4 . An anterior approach is generally preferred to a posterior approach. The posterior approach is more suitable for small bilateral lesions, which are likely to be metastatic malignant lesions. 3, 7, 9, 12, 16, 72, 73, 88 Some of these factors form the basis of change in the recent guidelines issued by the European Society of Endocrine Surgeons, where LA is suggested in stages I and II of ACC. 60 The major concern in adrenalectomy for ACC is the risk of recurrence and peritoneal carcinomatosis. Risks of recurrence have been reported in several studies and are attributable to the following:
1. Advanced stage of ACC (stages III and IV). Adequate preoperative staging is a must before opting for LA for ACC. The risk of recurrence and peritoneal carcinomatosis is higher in patients with stage III or IV. 3,4,9,11,12,15,18 2. Tumor spillage during LA or a positive margin of resected tumor. 3, 4, 8, 9, 12 However, this review reveals no difference in outcome between the LA and OA approaches, when performed across the various disease stages. The only significant difference was the size of the tumor in each of the approaches.
CONCLUSION
No randomized controlled studies have been conducted that compared the outcomes of OA versus LA in Although an open approach is recommended in patients with tumor invasion, vascular thrombi, and lesions larger than 10 cm, there is concern regarding the ability to achieve consistent oncological resection of lesions between 6 and 10 cm by the laparoscopic approach. This review reveals that outcomes of adrenalectomy performed across the different disease stages show no statistically significant difference between the 2 approaches with regard to peritoneal carcinomatosis, positive resection margin, and time to recurrence. Well-conducted randomized controlled studies would go a long way toward further clarification. The question of whether it is safe to stretch the envelope in these cases is not entirely answered, as there have been no stage-based studies that compared the 2 approaches. In view of the rarity of this cancer, the only way forward is a multicenter trial to attain better statistical power.
